respectively, and (ii) the ratio of urine N over manure N. Feeding high CP, rather than low CP 48 concentrate, increased milk urea N (MUN) content by 3.6 mg/dL and total MUN output by 49 1.08 g/d. Crossbred cows had lower grass DM intake, total DM intake, total N intake and 50 consequently energy-corrected milk yield. However, cow genotype had no significant effect 51 on NUE or MUN parameters. Equations have been developed to predict urine N excretion 52 using MUN output as sole predictor or in combination with dietary CP level. The present study 53 indicated that when grazing cows are fed on good quality pasture, feeding concentrates with a 54 protein content as low as 14.1% may not negatively affect productivity. In addition, reducing 55 concentrate CP concentration may be a successful method of reducing urinary N excretion of 56 lactating dairy cattle on pasture-based systems, but further research is needed to investigate 57 long-term effects of supplementary concentrate CP content on milk production. grass was monitored throughout the study to minimise risk of nutrient degradation by plant 140 proteases (Callis, 1995) . Animals had free access to water throughout the experiment. 141
Concentrate offered was calculated for individual animals as 35% total DMI using the previous 142 7-d running average of ad libitum forage intake. 143
Measurements 144
Bodyweight was recorded before and after the digestibility unit phase. Daily herbage intakes 145 and refusals were recorded, sampled and analyzed for oven DM at 85°C during the 6-d 146 measurement phase at the end of each period. Fresh herbage samples were dried in an oven at 147 were stored at 4°C after collection and 3-d samples were pooled for analysis. Samples were 156 thoroughly mixed and a representative sample was obtained for fresh analysis of N content for 157 feces and urine, according to method in Jiao et al. (2013) . A sub-sample of the bulked 3-d feces 158 samples were dried at 85°C for subsequent DM, ADF, NDF and ash analysis, as described by 159 Cushnahan and Gordon (1995) . To prevent ammonia volatilization from urine samples during 160 the 24 h collection, sulphuric acid solution (50% H2SO4) was added to the urine canisters prior 161 to collection to achieve a pH between 2.0 and 4.0 (Freudenberger et al., 1994 (DIUR-500) after a de-proteination step (BioAssay Systems, Hayward, USA). Analysis of milk 166 GE was performed according to the method described by Jiao et al. (2013) . Determination of 167 GE, N (grass and concentrate only) and ash were performed as described previously by 168 Cushnahan and Gordon (1995) . For the analysis of grass, concentrate and milk concentrations 169 of GE a Parr 6300 oxygen bomb calorimeter (Parr Instrument Company, Illinois, USA) was 170 used. Total N content was determined on a DM basis for grass and concentrate, and on a fresh 171 basis for feces and urine, using a Vario Max CN (Elementar, Hanau, Germany) and a Kjeltec 172 2400 analyzer (Foss Tecator AB, Hӧganӓs, Sweden) respectively. Ash in grass, concentrate 173 and feces was determined by incineration in a muffle furnace (Vecstar, Derbyshire, UK) at 174 550°C for approximately 10 h (AOAC, 1990). Ash-corrected concentrations of ADF and NDF 175 were determined sequentially using Fibretec fiber analyzer (Foss, Denmark).The NDF was 176 assayed with a method using sodium sulphite and α-amylase, as described by Van Soest et al. 177 (1991) . Total starch content of concentrate was measured using total starch assay kit 178 (Megazyme International Ireland Ltd., Wicklow, Ireland; McCleary et al., 1994). The WSC 179 content of grass was determined spectrophotometrically using anthrone in sulfuric acid 180 utilizing the Technicon Autoanalyzer (Technicon Corp., New York, NY; Thomas, 1977) . 181
Statistical Analysis 182
Energy-corrected MY (ECMY) was calculated as milk energy output (MY multiplied by 183 measured milk energy concentration) divided by milk energy content in one kg of standard 184 milk (40 g/kg fat, 32 g/kg protein and 48 g/kg lactose) using the equation of Tyrrell and Reid 185 (1965) . Experimental data were analyzed using Genstat statistical package (VSN International, 186 2013). All variables were analyzed using the linear mixed model methodology with REML 187 8 estimation (Gilmour et al., 1995) . In the analysis, which was based on individual animal data, 188 cow and date (of entry to collection phase) were fitted as random effects, and genotype and 189 treatment as fixed effects. Orthogonal polynomial contrasts (linear and quadratic) were used to 190 examine treatment effect on response variables. The significance of fixed effects was assessed 191 by comparing a F Statistic against a F-distribution. Residuals showed no deviation from 192 normality. The differences between treatments, genotypes and interactions were assessed and 193 declared as non-significant, at P > 0.05 and significant at P < 0.05, P < 0.01 and P < 0.001. A 194 REML analysis was also performed to develop a range of linear and multiple relationships to 195 estimate MUN and urine N outputs, using the method previously described by Stergiadis et al. 196 (2015) . values, to represent the amount of variability explained was also generated. 204
RESULTS

205
The effect of the main factors was significant on a number of feed/nutrient intake, production 206 and NUE parameters investigated, but there was no significant interaction between cow 207 genotype and dietary treatment. Hence focus in the results and discussion sections will 208 primarily be on main treatment effects. 209
Diet Composition 210
The chemical composition of individual dietary components is given in Table 2 . Grass NDF 211 and ADF contents both decreased and WSC contents increased from July through to 212 September; but no seasonal variation was observed for ash, CP and GE contents of grass. The 213 perennial ryegrass offered during the present experiment contained on average DM of 154 g/kg, 214 GE of 18.6 MJ/kg DM, CP of 18.2% DM and 95.4, 456, 231 and 167 g/kg DM for ash, NDF, 215 ADF and WSC respectively. Chemical composition of the 3 concentrates was very similar, 216 except for the CP content which resulted in total dietary CP levels for the LCP, MCP and HCP 217 diets of 16.9, 17.6 and 18.3% DM respectively. 218
Feed Intake and Milk Production 219
The effects of concentrate CP contents and cow genotype on feed intake and animal 220 characteristics and production parameters are displayed in Table 3 . On average, animal diets 221 were composed of (DM basis) 67.2% fresh grass and 32.8% concentrate feed. Concentrate CP 222 level had no significant effect on voluntary feed intake and milk production and composition. 223
In contrast, cow genotype had significant effect on feed intake, animal characteristics and milk 224 production and composition parameters. We found Holstein cows had significantly higher 225 grass intake (+6.7%) and DMI (+5.4%) than crossbred cows. Holstein cows produced 226 significantly higher yields of ECM (3.6 kg/d or + 14.1%) and had significantly higher milk 227 lactose contents (+3.4%) but lower milk protein contents (-10.5%). 228
Nitrogen Partitioning and Utilization 229
The effects of concentrate CP contents and cow genotype on N intake, outputs and utilization 230 variables are displayed in Table 4 . We observed intakes of total and digestible N increased 
MUN Output 246
Milk urea N output values are shown in Table 5 . We observed MUN output linearly increased 247 with increasing concentrate CP content, resulting in MUN values of cows fed HCP diet being 248 on average 1.08 g/d higher than cows offered LCP diet. We also found MUN concentrations 249 declined linearly with decreasing concentrate CP content (-1.6 and -3.6 mg/dL for cows offered 250 MCP and LCP in comparison to HCP diets respectively). However, concentrate CP level had 251 no significant effect on MUN output when expressed as a proportion of total N intake or 252 digestible N intake. The effect of cow genotype on MUN excretion, concentrations or 253 proportion to total N or digestible N intakes was not significant. 254
Estimation of MUN and Urine Nitrogen Output 255
When linear and multiple relationships for estimating urine N output and MUN output and 256 concentration were developed, the explained variation was higher for the predictions of MUN 257 parameters (Table 6 ). The effect of (i) N intake and dietary CP content for the prediction of 258 the prediction of urine N output, were significant according to the Wald statistic, and all 260 relations were positive. 
Production Performance 287
Although concentrate feed was designed to be 35% DMI, the actual concentrate intake was 288 32.8% of total DMI due to the higher grass DMI (14.0 kg/d) in the digestibility units than in 289 the housing cubicles (12.6 kg/d). The concentrate feed proportion was chosen to be 290 representative of commercial practice in the UK (Ferris, 2007) and to be of sufficient level to 291 achieve significant differences in total dietary CP content across treatments. The results from 292 the present study implied that feeding a concentrate of 14.1% CP when good quality perennial 293 ryegrass is grazed may sustain MY and milk quality in pasture-based systems. Previous studies 294
found that offering concentrate of 15% CP to supplement grazing was associated with a 295 decrease in MY of 2.9 kg/d when compared to feeding a 19% CP concentrate (Whelan et al., 296 2012), while low-protein diets (14-16% CP) also decreased production and tended to decrease 297 milk protein content in corn and grass-clover silage based diets (Alstrup et al., 2014) . More 298 recent studies have shown that concentrates with CP content as low as 14% might be fed to 299 dairy cows without negative implications on milk production (Sinclair et al., 2014) . There is a 300 range of diet and animal factors which could influence the effect of concentrate CP levels on 301 milk production of grazing cows, such as milk production potential, stage of lactation and 302 forage quality (de Oliveira et al., 2010; Moran, 2005) . In the present study, high milk protein 303 content observed across all treatments is generally considered indicative of a high energy diet 304 (Broderick, 2003) , which may have been a result of the quality of grass offered. The results of 305 the present study indicate that dairy cows grazing good quality pasture can be offered low CP 306 13 concentrates resulting in a total dietary CP content of 16.9% DM with no negative effect on 307 feed intake or milk production. 308
Nitrogen Partitioning and Utilization 309
In the present study we observed that increasing concentrate CP levels in a predominantly fresh 310 ryegrass diet supplemented with concentrate increased total intakes of N and digestible N. Table 6 . 545 TABLES 546 
